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METHOD AND APPARATUS FOR 
POWERING ON AN ELECTRONIC DEVICE 
WITH A VIDEO CAMERA THAT DETECTS MOTION 

5 FIELD OF THE INVENTION 

The present invention relates to a video camera, and more specifically, 

to a video camera that causes an external device to power up in response to 

detecting motion. 

BACKGROUND OF THE INVENTION 

10 Electronic devices, such as computer systems, are typically placed in a 

sleep or other reduced power mode when input has not been received by the 
device for a predetermined period of time. Sleep mode allows the device to 
conserve power. For example, when a keyboard, mouse, or other input device 
to a computer system has not been used for 5 minutes, the computer system 

15 may reduce power to all non-essential functions. Some components, such as a 
processor may run at a reduced clock rate. Other components, such as hard 
disks, may be powered down completely until used or requested by the device. 
Only components, such as volatile memory, that are necessary to maintain 
the state of the computer system receive power to do so. The device remains 

20 in sleep mode until input is received that indicates that the device is being 
used. 

In the prior art, computer systems are typically powered up from being 
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shut down or placed in sleep mode by a user physically interacting with the 
computer system. When the user wishes to use a computer that had been 
shut down or placed in sleep mode, he or she has to go to the computer and 
push a button or move a mouse or other cursor control device to begin the 
powering up sequence. The user then must wait for the computer system to 
power up before the system can be used. Therefore, a need exists for a device 
that can begin the powering up sequence for a computer system or other 
electronic device before the user interacts with the device. 

The prior art also includes video cameras for use with computer 
systems and other electronic systems. However, usage of video cameras with 
computer system has been limited to applications such as video conferencing, 
video recording, etc. 
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SUMMARY OF THE INVENTION 

An apparatus that generates an output signal in response to a 
changing view is described. A memory stores frames that represent the view 
at particular times and a processor coupled to the memory compares a set of 
frames and generates the output signal in response to the set of frames 
differing by a predetermined amount. Reset circuitry coupled to the 
processor powers up an electronic device in response to the output signal 
generated by the processor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, and not by way 
of limitation, in the figures of the accompanying drawings in which like 
reference numerals refer to similar elements and in which: 

Figure 1 is one embodiment of a computer system that may be 
powered up according to the present invention; 

Figure 2 is one embodiment of a video camera and computer system 
components that may be used to control power up of an electronic device 
according to the present invention; 

Figure 3 is one embodiment of a flow diagram for controlling power up 
of an electronic device with a video camera according to the present 
invention; 

Figure 4 is a first alternative embodiment of a video camera and 
computer system components that may be used to control power up of an 
electronic device according to the present invention; and 

Figure 5 is a second alternative embodiment of a video camera and 
computer system components that may be used to control power up of an 
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electronic device according to the present invention. 
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DETAILED DESCRIPTION 

A method and apparatus for controlling power up of an electronic 
device with a video camera that detects motion is described. In the following 
description, for the purposes of explanation, numerous specific details are set 
forth in order to provide a thorough understanding of the present invention. 
It will be apparent, however, to one skilled in the art that the present 
invention may be practiced without these specific details. In other instances, 
well-known structures and devices are shown in block diagram form in order 
to avoid obscuring the present invention. 

The present invention provides for using a video camera attached to an 
electronic device, such as a computer system, to cause the electronic device to 
power up from sleep mode or other reduced power state when motion is 
detected by the video camera. The electronic device may also be powered up 
from being shut down. In one embodiment, the video camera includes a 
processor and memory that compare consecutive frames captured by the 
video camera. When the electronic device is in sleep mode, if consecutive 
frames are the same, the video camera continues to monitor the scene 
without generating an output signal. If the frames are different, motion is 
detected and the video camera generates a signal, such as an interrupt, that 
is used to signal the electronic device to power up. In this manner, the 
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electronic device may begin the powering up process before a user interacts 
with the device. 

The present invention may be useful, for example with a personal 
computer system. The computer system goes into sleep mode when no input 
is received for a predetermined period of time. When the computer system is 
in sleep mode, a video camera coupled to the computer system monitors the 
scene captured by the video camera. In one embodiment, consecutive frames 
are compared by a processor in the video camera, using memory in the video 
camera, to determine whether motion has been detected. When motion is 
detected, a signal is sent to the computer system to begin powering up. 

The computer system may then be at a password prompt or be powered 
up when the user arrives at the computer system. Alternative embodiments 
may also be provided where the processor is not included in the video camera. 
For example, a video interface, such as a video expansion card, may include a 
processor for comparing frames. Alternatively, a system processor may be 
used to compare frames. 

Of course, the video camera may be used with electronic devices other 
than computer systems such as security systems, information displays, 
automated teller machines (ATMs), etc. In a security system, the present 
invention may used to send a signal when motion is detected, for example, by 
an intruder. The security system may be powered up and receive video data 
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from the video camera in response to motion being detected, In an 
information display or ATM, the system may be powered down until 
approached by a potential user. When the system detects the motion of a 
potential user, the information display or ATM is powered up. 

Figure 1 is one embodiment of a block diagram of a computer system 
that may be powered up according to the present invention. Computer 
system 100 comprises bus 101 or other communication device for 
communicating information, and processor 102 coupled to bus 101 for 
processing information. Computer system 100 further comprises random 
access memory (RAM) or other dynamic storage device 104 (referred to as 
main memory), coupled to bus 101 for storing information and instructions to 
be executed by processor 102. Main memory 104 also may be used for storing 
temporary variables or other intermediate information during execution of 
instructions by processor 102. Computer system 100 also comprises read 
only memory (ROM) and/or other static storage device 106 coupled to bus 101 
for storing static information and instructions for processor 102. In one 
embodiment, processor 102 is a Pentium® processor II processor available 
from Intel Corporation of Santa Clara, California. Alternatively, processor 
102 may be a different Intel Corporation processor or any other processor. 

Data storage device 107 such as a magnetic disk or optical disc and 
corresponding drive can be coupled to bus 101. Computer system 100 can 
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also be coupled via bus 101 to display device 121, such as a cathode ray tube 
(CRT) or liquid crystal display (LCD), for displaying information to a 
computer user. Alphanumeric input device 122, including alphanumeric and 
other keys, is typically coupled to bus 101 for communicating information and 
5 command selections to processor 102. Another type of user input device is 
cursor control 123, such as a mouse, a trackball, or cursor direction keys for 
communicating direction information and command selections to processor 
102 and for controlling cursor movement on display 121. 

Video camera interface 125 is coupled to bus 101 and provides an 

10 interface between computer system 100 and a video camera (not shown in 
Figure 1). Video camera interface 125 causes computer system 100 to be 
powered up in response to motion being detected by the video camera. In one 
embodiment, video camera interface 125 includes circuitry that is not 
powered down when other components of computer system 100 are powered 

15 down. Video camera interface 125 remains powered up to process signals 
received from the video camera. When the video camera sends a signal to 
computer system 100 to indicate that motion has been detected, video camera 
interface 125 begins the powering up process. Powering up may be 
accomplished, for example, by applying a voltage to a power pin of processor 

20 102 or in any other manner known in the art. Video camera interface 125 
may also receive video data from the video camera. Alternatively, an 
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interrupt line may be provided by which the video camera communicates a 
motion detect signal to computer system 100. 

Figure 2 is one embodiment of a block diagram of a video camera for 
controlling power up of an electronic device according to the present 
invention. Generally video camera 200 includes hardware for converting a 
scene that may be seen through lens 210 of video camera 200 to a frame. 
Processor 240 compares consecutive frames to detect motion. An output 
signal, such as an interrupt, is generated in response to motion being 
detected. 

A scene that may be seen through lens 210 is projected onto charge 
coupled device (CCD) 220, which senses the intensity of light and colors of the 
scene and provides raw image data as an output signal. CCD 220 outputs 
voltages that correspond to a two-dimensional array of pixels that represent 
intensities of brightness (luma) and color (chroma) of the scene. The voltages 
are converted to frames by conversion hardware/firmware 230 coupled to 
CCD 220 in any manner known in the art. Processor 240 receives frames 
from conversion hardware/firmware 230 and stores the frames in memory 
250 coupled to processor 240. 

In one embodiment, frames are stored in the YUV-9 format. 
Alternatively, the YUV-12 format or any other video format may be used. In 
one embodiment, only the luma, or Y, component of the video data, which 
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corresponds to brightness is used to determine motion. In such an 
embodiment, the chroma, or U and V, components, which correspond to color 
are not used to determine motion. 

In such an embodiment, the average brightness of a frame may be 
5 used for comparison purposes. If the average brightness of a consecutive 
frames is different by a predetermined amount, motion is detected. 
Alternatively, the brightness of different areas of the frame may be used to 
determine a weighted average for the luma value for each frame. When the 
weighted average of a subsequent frame is different by a predetermined 

10 amount, motion is detected. In one embodiment, the predetermined 

difference used to determine motion is configurable by a user of the electronic 
device prior to the device entering sleep mode. 

In one embodiment, the rate at which processor 240 receives frames 
varies depending on the state of the electronic device. If the electronic device 

15 is in sleep mode or shut down, processor 240 receives frames at a lower rate 
than when the electronic device is powered up. For example, processor 240 
may receive frames at a rate of 30 frames per second when the electronic 
device is powered up and 5 frames per second when the electronic device is 
not powered up. Of course, other frame rates may also be used. By reducing 

20 the frame rate and thus the rate of comparison, power consumed by processor 
240 may be reduced as compared to higher frame rates. 
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Power-up line 260 is coupled to reset circuitry 265 to communicate an 
output signal (e.g., interrupt) to a processor when motion has been detected 
by video camera 200. In response to the output signal the processor begins 
power up of the electronic device. When the electronic device is powered up, 
video signals from video camera 200 may be communicated to the electronic 
device by frame line 262. Alternatively, power up line 260 may be coupled to 
video camera interface 125. In such an embodiment, video camera interface 
125 includes reset circuitry 265 (not shown in Figure 2). 

In one embodiment, processor 240 and memory 250 in video camera 
200 are used for video compression or other video processing when computer 
system 100 is powered up. When the electronic device goes into sleep mode, 
processor 240 and memory 250 switch from video compression or other 
processing to frame comparison. In one embodiment, video outputs that are 
generated and communicated via frame line 262 when the device is powered 
up is not generated when the electronic device is in sleep mode. Video 
camera 200 only generates an output signal over power-up line 260 when 
compared frames differ by a predetermined amount. When video camera 200 
determines that subsequent frames are different, a power up interrupt is 
communicated to the electronic device to indicate that motion has been 
detected. The electronic device responds to the interrupt generated by video 
camera 200 by powering up. 
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Figure 3 is one embodiment of a flow diagram for controlling powering 
up of an electronic device with a video camera. In step 300, the video camera 
captures a scene. The scene is encoded and framed in step 310. Encoding 
and framing is performed by any manner known in the art. As noted above 

5 the frame rate of the video camera may be reduced when the electronic device 
to which the video camera is connected is not powered up. 

In step 320 the frame is stored in memory. In step 330, the frame 
stored in memory is compared to a previous frame stored in memory. In step 
340, the video camera determines whether the frames that were compared 

10 are the same. If the frames are not the same, the video camera returns to 
step 300 to continue capturing scenes, converting the scenes to frames and 
comparing frames. 

If, in step 340, the frames compared are not the same, the video 
camera generates an output signal in step 350. The output signal is used to 

15 determine whether the electronic device should power up. In this manner, 
the video camera controls whether the electronic device is powered up. 

Figure 4 is a first alternative embodiment of a video camera and 
computer system components that may be used to control power up of an 
electronic device according to the present invention. The embodiment of 

20 Figure 4 is similar to the embodiment of Figure 2 except that processing 
takes place in the video camera interface rather than in the video camera, 
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which results in a less expensive video camera than the embodiment of 
Figure 2. 

In the embodiment of Figure 4, camera 400 generally comprises lens 
410, which focuses a scene on CCD 420. Converter 430 receives the output 
signal from CCD 420 to encode and frame data output by CCD 420. The 
output of converter 430 is communicated to processor 440 via frame line 435. 
Processor 440 processes frames received from converter 430 as described 
above using memory 450 to determine whether motion is detected. 

Processor 440 generates an interrupt or other output signal to reset 
circuitry 460 when motion is detected. Reset circuitry 460 resets an 
associated computer system or other electronic device (not shown in Figure 4) 
in response to the interrupt received from processor 440. Alternatively, video 
camera interface 125 generates an interrupt that is communicated directly to 
an interrupt controller of a system processor (not shown in Figure 4). 

Thus, the embodiment of Figure 4 provides a less expensive video 
camera than the embodiment of Figure 2 because the video camera does not 
include a processor or memory. In such an embodiment, video camera 
interface 125 is not powered down when the associated computer system or 
other electronic device (not shown in Figure 4) is powered down. In order to 
reduce power consumption when the electronic device is powered down, 
processor 440 may process frames at a lower rate than frames are provided 
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by video camera 400. Alternatively, video camera 400 may reduce an output 
frame rate when the electronic device is powered down. 

Figure 5 is a second alternative embodiment of a video camera and 
computer system components that may be used to control power up of an 
5 electronic device according to the present invention. The embodiment of 
Figure 5 provides a direct connection between an external video camera and 
a system processor. Alternatively, the video camera may be coupled to a 
system or other bus to communicate with the system processor. 

In one embodiment, video camera 500 includes lens 510, CCD 520 and 
3 10 converter 530 that function in a similar manner as lens 410, CCD 420 and 
W converter 430 discussed above. The output of converter 530 is coupled to 

processor 102 via frame line 540. Alternatively, converter 530 may be 
coupled to bus 100 directly or though an interface via line 540. 

The embodiment of Figure 5 may provide a less expensive system than 
15 the embodiments of Figures 2 and 4. Of course, processor 102 provides 
enough processing functionality in addition to video processing to provide 
acceptable performance. 

In one embodiment, when the electronic device is powered down 
processor 102 processes frames from video camera 500 at a rate that allows 
20 processor 102 to consume less power than when the electronic system is 
powered up. This may be accomplished, for example, by reducing the 
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processor clock rate. 

In the foregoing specification, the invention has been described with 
reference to specific embodiments thereof. It will, however, be evident that 
various modifications and changes may be made thereto without departing 
from the broader spirit and scope of the invention. The specification and 
drawings are, accordingly, to be regarded in an illustrative rather than a 
restrictive sense. 



Express Mail Label Number: EM 502097147 US 

16 



Attorney Docket No. 42390.P5104 

CLAIMS 

What is claimed is: 

1 1. An apparatus that generates an output signal in response to a view 

2 changing comprising: 

3 a memory to store frames representing the view at different times; 

4 a processor coupled to the memory that compares two frames to each 

5 other and generates the output signal in response to the two framed differing 

6 from each other by a predetermined amount; and 

7 reset circuitry coupled to the processor that powers up an electronic 

8 device in response to the output signal generated by the processor. 

1 2. The apparatus of claim 1, wherein the electronic device is a computer 

2 system. 

1 3. The apparatus of claim 1, wherein the processor receives frames at a 

2 first frame rate when the electronic device is powered up and the processor 

3 receives frames at a second frame rate when the electronic device is not 

4 powered up. 
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1 4. The apparatus of claim 1, wherein the processor compares frames 

2 when the electronic device is not powered up and does not compare frames 

3 when the electronic device is powered up. 

1 5. The apparatus of claim 1, wherein the processor compares frames by 

2 comparing an average brightness of consecutive frames. 

1 6. The apparatus of claim 1, wherein the processor compares frames by 

2 comparing a weighted average brightness of consecutive frames. 

17. A method of causing an electronic device to power up from a reduced 

2 power state comprising the steps of: 

3 receiving a first frame corresponding to a view at a first time; 

4 storing the first frame; 

5 receiving a second frame corresponding to a view at a second time; 

6 comparing the first frame and the second frame; 

7 causing the electronic device to power up if the first frame differs from 

8 the second frame by a predetermined amount. 
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1 8. The method of claim 7, wherein the first frame is stored in a video 

2 camera external to the electronic device. 

1 9. The method of claim 7, wherein the step comparing frames is 

2 performed by a processor in a video camera. 

1 10. The method of claim 7, wherein frames are received at a first frame 

2 rate when the electronic device is powered up and at a second frame rate 

3 when the electronic device is not powered up. 

1 11. The method of claim 7, wherein the step of comparing further 

2 comprises the steps of: 

3 determining an average brightness of the first frame; 

4 determining an average brightness of the second frame; and 

5 calculating a difference between the average brightness of the first 

6 frame and the average brightness of the second frame. 
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1 12. The method of claim 7, wherein the step of comparing further 

2 comprises the steps of: 

3 determining a weighted average brightness of the first frame; 

4 determining a weighted average brightness of the second frame; and 

5 calculating a difference between the weighted average brightness of 

6 the first frame and the weighted average brightness of the second frame. 



1 13. An system for powering up an electronic device in response to a 

2 changes in view comprising: 

3 means for receiving a first frame corresponding to a view at a first 

4 time; 

5 means for storing the first frame; 

6 means for receiving a second frame corresponding to a view at a second 

7 time; 

8 means for comparing the first frame and the second frame; 

9 means for causing the electronic device to power up if the first frame 
10 differs from the second frame by a predetermined amount. 
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1 14. An electronic system comprising: 



2 a bus; 

3 a processor coupled to the bus; 

4 a camera interface coupled to the bus; and 

5 a video camera coupled to the camera interface, the video camera 



6 having a video processor that receives frames representing views of the 

7 camera, the video processor comparing consecutive frames and generating an 

8 output signal in response to the consecutive frames differing by a 

9 predetermined amount when the electronic system is in a reduced power 

10 state; 

11 wherein the processor causes the electronic device to power up from 

12 the reduced power state in response to the output signal generated by the 

13 video processor. 
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ABSTRACT 

A method and apparatus for controlling power up of an electronic 
device with a video camera is provided. The present invention provides for 
using a video camera attached to an electronic device, such as a computer 
system, to cause the electronic device to be powered up from sleep mode when 
motion is detected. The electronic device may also be powered up from being 
shut down. In one embodiment, the video camera includes a processor and 
memory that compare consecutive frames captured by the video camera. 
When the electronic device is in sleep mode, if consecutive frames are the 
same, the video camera continues to monitor the scene without generating an 
output signal. If the frames are different, motion is detected and the video 
camera generates a signal that is used to determine whether the electronic 
device should power up. In this manner, the electronic device may begin the 
powering up process before the user of the device interacts with the device. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below, next to my name. 

I believe I am the original, first, and sole inventor (if only one name is listed below) or an original, 
first, and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

METHOD AND APPARATUS FOR POWERING ON AN ELECTRONIC DEVICE WITH A VIDEO 

CAMERA THAT DETECTS MOTION 

the specification of which 

is attached hereto. 

was filed on March 6, 1998 as 

United States Application Number 09/036,501 

or PCT International Application Number 

and was amended on . 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claim(s), as amended by any amendment referred to above. I do not 
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America before my invention thereof, or patented or described in any printed publication in any 
country before my invention thereof or more than one year prior to this application, that the same 
was not in public use or on sale in the United States of America more than one year prior to this 
application, and that the invention has not been patented or made the subject of an inventor's 
certificate issued before the date of this application in any country foreign to the United States of 
America on an application filed by me or my legal representatives or assigns more than twelve 
months (for a utility patent application) or six months (for a design patent application) prior to this 
application. 

I acknowledge the duty to disclose all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 1 19(a)-(d), of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified below 
any foreijgn application for patent or inventor's certificate having a filing date before that of the 
application on which priority is claimed: 
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Prior Foreign Application(s) 



Priority 
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(Number) (Country) (Day/Month/Year Filed) Yes No 



(Number) (Country) (Day/Month/Year Filed) Yes No 

I hereby claim the benefit under title 35, United States Code, Section 1 19(e) of any United States 
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(Application Number) Filing Date 



(Application Number) Filing Date 

I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States 
application(s) listed beiow and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States application in the manner provided by the first paragraph 
of Title 35, United States Code, Section 112, 1 acknowledge the duty to disclose all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56 which became available between the filing date of the prior application and the national 
or PCT international filing date of this application: 
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I hereby appoint Aloysius T. C. AuYeung, Reg. No. 35,432; William Thomas Babbitt, Reg. No. 39,591; 
Jordan Michael Becker, Reg. No. 39,602; Bradley J. Bereznak, Reg. No. 33,474; Michael A. Bernadicou, 
Reg. No. 35,934; Roger W. Blakely, Jr., Reg. No. 25,831; Gregory D. Caldwell, Reg. No. 39,926; Kent M. 
Chen, Reg. No. 39,630; Lawrence M. Cho, Reg. No. 39,942; Thomas M. Coester, Reg. No. 39,637; 
Roland B. Cortes, Reg. No. 39,152; William Donald Davis, Reg. No. 38,428; Michael Anthony DeSanctis, 
Reg. No. 39,957; Daniel M. De Vos, Reg. No. 37,813; Tarek N. Fahmi, Reg. No. 41 ,402; James Y. Go, 
Reg. No. 40,621 ; Sharmini Nathan Green, Reg. No. 41,410; David R. Halvorson, Reg. No. 33,395; Eric 
Ho, Reg. No. 39,711; George W Hoover II, Reg. No. 32,992; Eric S. Hyman, Reg. No. 30,139; Dag H. 
Johansen, Reg. No. 36,172; Stephen L. King, Reg. No. 19,180; Michael J. Mallie, Reg. No. 36,591; 
Kimberley G. Nobles, Reg. No. 38,255; Ronald W. Reagin, Reg. No. 20,340; James H. Salter, Reg. No. 
35,668; William W. Schaal, Reg. No. 39,018; James C. Scheller, Reg. No. 31,195; Charles E. Shemwell, 
Reg. No. 40,171; Maria McCormack Sobrino, Reg. No. 31,639; Stanley W. Sokoloff, Reg. No. 25,128; 
Allan T. Sponseller, Reg. No. 38,318; Steven R. Sponselier, Reg. No. 39,384; Judith A. Szepesi, Reg. No. 
39,393; Edwin H. Taylor, Reg. No. 25,129; George G. C. Tseng, Reg. No. 41,355; Lester J. Vincent, Reg. 
No. 31,460; John Patrick Ward, Reg. No. 40,216; Ben J. Yorks, Reg. No. 33,609; and Norman Zafman, 
Reg. No. 26,250; my attorneys; and Robert Andrew Diehl, Reg. No. 40,992; Thomas A. Hassing, Reg. No. 
36,159; and Edwin A. Sloane, Reg. No. 34,728; my patent agents, of BLAKELY, SOKOLOFF, TAYLOR & 
ZAFMAN LLP, with offices located at 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025, 
telephone (310) 207-3800, and Joseph R. Bond, Reg. No. 36,458; Richard C. Calderwood, Reg. No. 
35,468; Sean Fitzgerald, Reg. No. 32,027; David J. Kaplan, Reg. No. 41 ,105; Leo V. Novakoski, Reg. No. 
37,198; Naomi Obinata, Reg. No. 39,320; Thomas C. Reynolds, Reg. No. 32,488; Steven P. Skabrat, 
Reg. No. 36,279; Howard A. Skaist, Reg. No. 36,008; Steven C. Stewart, Reg. No. 33,555; Raymond J. 
Werner, Reg. No. 34,752; Seth Z. Kalson, Reg. No. 40,670; and Charles K. Young, Reg. No. 39,435; my 
patent attorneys, of INTEL CORPORATION; and James R. Thein, Reg. No. 31 ,710, my patent attorney; 
with full power of substitution and revocation, to prosecute this application and to transact all business in 
the Patent and Trademark Office connected herewith. 

Send correspondence to Allan T. Sponseller. Rea. No. 38.318 . BLAKELY, SOKOLOFF, TAYLOR & 

(Name of Attorney or Agent) 
ZAFMAN LLP, 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025 and direct 
telephone calls to Allan T. Sponseller. Rea. No. 38.318 . (503) 684-6200. 
(Name of Attorney or Agent) 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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